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Preparation of anticorrosive thin films for steel materials
Metals and alloys, depending on their mechanical, chemical and physical properties, are chosen for variety of applications.  They are used not only in the industry but also in our daily life as utensils.  These materials are used in one or the other form from complicated equipments such as engines, automobiles etc to simple toys, cooking tools etc [1-2].  
The steel is an engineering material which covers very high range of applications pertaining to different fields.    As they are exposed to aggressive environments during their usage the corrosion/surface deterioration is expected.  The phenomenon of corrosion by definition is the deterioration of material due to its environmental effect or interaction.  The cause of corrosion of these key materials has become fundamental, academic and industrial interest.  The process of corrosion has many serious consequences including economic, health, safety, technological and cultural aspects.  As far as economic loss is concerned, the costs associated with corrosion losses can be estimated with reasonable accuracy.  The typical estimations were US $275 billion dollars in 1998 and US $364 billion dollars in 2005, draining about 3.1% of the GDP from the US economy.  In India, the corrosion problem is serious than cold countries because of its tropical climate.  The direct loss due to corrosion is estimated to be approximately `250 crores per year.  The money spent on its prevention is about `50-70 crores per year.  These statistics alone justify much greater need for development of newer corrosion protection techniques.
Various protection methods are conventionally applied to prevent the materials from the corrosion.  The most common method is fabrication of metal or alloy thin films onto the surface of the material that is to be protected.  A thin film is defined as a low-dimensional material created by condensing one-by-one, atomic/molecular/ionic species of matter. The thickness is typically less than several microns. Formation of a thin film takes place via nucleation and growth process.  However, any thin film growth process involves three main steps.
1.	Production of the appropriate atomic, molecular or ionic species
2.	Transport of these species to the substrate through a medium
3.	Condensation on the substrate, either directly or via a chemical and/or electrochemical reaction; to form a solid deposit.
Thin film techniques include chemical vapor deposition (CVD), physical vapor deposition (CVD), sputter deposition, electroless / electrodeposition etc [2].  Electroless deposition and electrochemical deposition are most frequently used techniques.  The film developed on the surface can protect the material sacrificially or by just being a physical barrier depending on the nature of metal coated.  Electroless deposition is of autocatalytic kind wherein metal ions are reduced by a suitable reducing agent like sodium hypophosphite.  Electroless nickel is very frequently employed coating via this method.  The nickel alloys such as Ni-W-P, Ni-Cu-P, Ni-Co-P etc. are practiced due to their enhanced surface properties including corrosion resistance [3-6].  With respect to the process of electrodeposition, zinc and its alloy films are employed for sacrificial protection for steel materials [7-10].  
With the interest of increasing the service life of these films various addition agents are used.  However, the inclusion of the nano materials is of very high growing interest because of various exciting properties possessed by these substances.  The nano materials frequently studied are TiO2, Al2O3, WO3, CeO2, BN, WS2, MoS2, graphite, PTFE, CNTs and many more.  These incorporated secondary materials modify the characteristics of the host material which is the metal matrix and gives new functional features.      Recent advances in deposition and processing techniques of thin films have lead to the design and manipulate the materials with unique properties that are often unachievable in bulk materials. Improvements in physical and mechanical properties have been achieved by incorporating nano structured materials to the metal/alloy thin films deposited via electroless and electrodeposition methods [11-21].  

The present thesis comprises of seven chapters.
Chapter -1 contains the general and basic aspects on electroless and electrodeposition of thin films and corresponding composite coatings. Also contains models, methods, factors affecting, process conditions, applications of the composite films with literature survey.
Chapter-2 deals with the aim and scope of the work and also highlights the importance of the present investigations carried out.
Chapter- 3 gives the following methods and materials adopted for fabrication of the thin films and electrochemical studies.
	Pre-plating, plating and post-plating processes and preparation of the plating bath solutions.

	Preparation of plating baths for electroless nickel and its different alloys and electrodeposition of zinc and Zn-Ni alloy in the presence of different nanomaterials.

	Deposition of pure metal/alloy and composite coatings and measurement of thicknesses by weight gain method

	Determination of composition of coating by Energy dispersive X-ray analysis (EDX) method

	Analysis of the surface morphology using scanning electron microscopy (SEM)
	Determination of average grain size and crystallographic orientation by X-ray diffraction studies   

	Corrosion resistance studies by open circuit potential (OCP), polarization, impedance spectroscopy and voltametry

	Microhardness measurements
	
	Measurements of Friction coefficients
	Spectral studies- FTIR and UV-Vis
Chapter-4 deals with the results pertain to the preparation of electroless Ni-P composite coatings and the alloys as well, containing different nanomaterials.   There are four subchapters
	 Chapter-4.1 focuses on fabrication of electroless Ni-P and Ni-P-Halloysite nanotubes composites. The corrosion resistance of the composite coating has been established over plain Ni-P coating.  Apart from the electrochemical studies, the microhardness and friction coefficients are also studied.
	Chapter-4.2 describes the preparation and electrochemical and mechanical properties of electroless Ni-Zn-P-TiO2 composite thin films.  The performance of electroless Ni-Zn-P-TiO2 composite coating is studied in comparison with the plain Ni-P and Ni-Zn-P film and found to be better.  Also, the effect of heat treatment on the performance of the film is studied.  
	Chapter-4.3 related with the preparation and properties of electroless Ni-Cu-P-ZrO2 nanocomposite coatings.  The corrosion performance is examined by varying the different nickel-copper alloys and composites with different compositions.
	Chapter-4.4 is divided into two subchapters.
		Chapter-4.4.1 deals with the preparation of electroless Ni-W-P-WS2 composite thin films and their corrosion and mechanical performance.
		Chapter-4.4.2 deals with the fabrication of electroless Ni-W-P alloy coatings with MoS2 particles and their electrochemical and mechanical behavior.
Chapter-5 presents design, studies of zinc films by adopting electrodeposition technique and their composites with different nano particles.   
	Chapter-5.1 deals with the electrodeposition of zinc composite coatings with CeO2 nano particles.  Also the effect of cationic surfactant Cetyltriammonium bromide (CTAB) is studied.
            Chapter-5.2 focuses on the preparation of Zn-HNTs coatings.  The electrochemical studies are made for these composite films and compared with plain zinc.
Chapter-6 presents design, studies of zinc-nickel alloy films and their carbon nanotubes composites, by adopting electrodeposition techniques. 
            Chapter-6.1 focuses on electrodeposition of Zn-Ni alloy films.  The various alloys are deposited with different composition and corresponding multi walled carbon nanotubes (MWCNT) composites are prepared.  The corrosion studies of the resulting composites are made.
	Chapter-6.2 deals with the electrodeposition of Zn-Ni alloy films with highly dispersed MWCNTs.  The dispersion of the tubes is increased using different surfactants.  The UV-Vis spectroscopy is utilized to study the dispersion of CNTs.  Corrosion studies of the films are studied with well dispersed CNTs.
           Chapter-7 summarizes the main conclusions of the presented work.


